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back compartment (7 radiation lengths). The thickness of the lead in the converter plates OCR Output
the front and centre segment (about 9 radiation lengths each) and 0.036 >< 0.020 for the
ceptance (see Figs. 1.1 and 1.2). The EM granularity is An · A;/> = 0.018 >< 0.020 for
a rapidity interval from 0.0 to about 1.1 and a hadronic section of slightly reduced ac
teractions centre would be. It comprises an EM section covering 27 deg of azimuth, and
ter, spanning the central rapidity region with cells fully pointing to where the LHC in
The “1992" prototype is conceived and built as a sector of an LHC barrel calorime
1 THE "1992" PROTOTYPE
Construction of end-cap prototypes.
Further development of front-end electronics, and
Engineering studies,
the approved RD3 programme. They have been grouped in three areas:
which, in our view, are necessary, and that we propose to undertake as a continuation of
eventually starts the construction of a full detector for LHC We describe below steps
large "Sector detector", there remain importa.nt developments to be done before one
For the calorimeter itself, beside the successful construction and operation of the
by the committee.
Our plans to progress in this field were described in an addendum [4] recently approved
nized. Because, in particular, of its high granularity such a detector poses new problems.
The importance of a cold preshower to complement the calorimeter has been recog
we are currently using. This is described in Section 2.
need to increase the number of read-out channels, and upgrade the read-out system that
To exploit fully the EM prototype, and the hadronic prototype when completed, we
detector behaviour is in agreement with the design figures.
transverse coverage). Preliminary results are presented here (Section 1) showing that the
posed to the beam (for this iirst exposure the hadronic calorimeter had only half of its
The construction of this calorimeter was recently completed and the detector ex
calorimeter
and operate a test calorimeter conceived as a sector of a full LHC Barrel liquid argon
the "accordion" technique, the main goal of the RD3 collaboration was to construct
After having demonstrated the feasibility [2] of "fast liquid argon calorimetry" using
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ties and in regions read out with different electronics are shown in Figs. 1.4 and 1.5. OCR Output
Examples of electron energy spectra measured in the calorimeter at various rapidi
1.1.1 Electromagnetic calorimeter
electron runs.
with pions were also recorded as well as muon events contaminating the high—energy
allow extensive studies of the response uniformity. Energy and limited position-scan data
Position-scan data taken all over the detector acceptance with high energy electrons will
range covered by the electromagnetic calorimeter and for each type of read-out electronics.
month of running, energy scan data with electrons were collected over the whole rapidity
between 10 and 287 GeV in the H8 beam line of the CERN SPS. During approximately one
The "1992" prototype has been exposed to electron and pion beams with energy
1.1 Preliminary results from the beam test
real experiment.
(vertical and horizontal) crossing at a point where the LHC collisions would happen in a
rests on a platform which can be rotated, with the necessary amplitude, along two axes
The calorimeter is housed in a newly built cryostat (Fig. 1.3). This equipment
a toggle (p channel JFET) switch functioning in the cold.
those channels, a. dc current is distributed, which is then shaped by an RC network and
generated outside the cryostat and fan out in the cold. In the other one, used only on
detector to install 2 calibration systems. ln one of them, used everywhere, the pulses are
noise. On the channels equipped with warm preamplifiers, there was enough space on the
kfl/(HAD)), which can be measured with high precision, contributes negligible parallel
cell. This is quite appropriate to fast shaping since the resistance (2 kSZ/ and 50
resistance, placed in the liquid, on the preamplifier mother board close to the calorimeter
lision’ point. We used a new calibration system which delivers current pulses in a test
isochronously in the detector with relativistic particles originating from the central ‘col
The electronic calibration system was set up in such a way as to send pulses
Section 2).
Track & hold, ADC). This is one of the points we propose to improve for next year (see
only half of that number of channels was available for the subsequent read-out (shapers,
(HAD) part. While the set~up has about 3000 channels, all equipped with preamplifiers,
bipolar filter giving a peak response to a short current pulse after 20 ns (70 ns) in the EM
read-out chain has already been described Signals from the detector are shaped with a
in the liquid). The hadronic calorimeter was also equipped with GaAs preamplifiers. The
hybrids and 2 with warm preampliiiers [2, 8] called here “0T” (meaning no transistor
Concerning preamplifiers, 5 blocks were equipped with Si JFET hybrids, 4 with GaAs
cost reasons) with electrodes and preamplifiers. Each block has a total of 240 channels.
to 5 kapton electrodes, each of 12 cells. Of these 15 blocks, only 11 were equipped (for
cells (and therefore 24 converter and read-out plates), and 5 blocks in 1; corresponding
electromagnetic part is organized in 15 "blocks”, 3 blocks in 45, each spanning 8 electronics
the front (back) sectors by the electrostatic transformer method The read-out of the
to the calorimeter axis. The hadronic calorimeter cells have 5 (7) electrodes read out in
is 0.045 >< 0.050. Both calorimeters have accordion-shaped electrodes, with folds parallel
front and back side (i.e. 4 hadronic compartments in depth in total). The granularity
There are 2 hadronic modules each of 2.9 interaction length, read out from their
Finally, Table 1.1 shows the comparison of resolutions obtained in the test beam with a OCR Output
after a calibration of each compartment in depth (3 EM, 4 HAD) with a constant weight.
pions. Figure 1.11 shows the measured energy distribution for 100-GeV pions, obtained
Figure 1.10 shows the shower profile along ry in the hadronic calorimeter for 100-GeV
above the noise peak.
this time summing 3>< 2 cells in r] ><¢ and summing all samplings. The signal stands well
leakage cut for electron identification. Figure 1.9 shows the same muon signal obtained
the electronics noise performance of this detector would allow a meaningful longitudinal
sured summing 2 cells in eb, in the first hadronic sampling. Due to the EST read—out,
Figure 1.8 shows the signal obtained for 180-GeV muons and the noise, both mea
[6] have not introduced any unexpected problem.
plates not perpendicular to the incident particles, and electrostatic transformer read-out
behaves as expected. ln particular, the two main novelties of the design, i.e. absorber
about the ultimate performance of the technique, a preliminary analysis shows that it
to minimize lateral leakage. Although this set-up does not allow one to draw conclusions
Those 4 modules were centred in cb with the electromagnetic calorimeter in order
prototype will be completed for the next test beam period in 1993.)
size in one dimension (1;), and a reduced transverse size in the other dimension (The
Hence the hadron calorimeter used had all 4 samplings in depth and the foreseen transverse
In the hadronic calorimeter, only 4 out of 8 phi-modules were available (see Fig. 1.2).
1.1.2 Hadronic calorimeter
In these conditions the r.m.s. of the distribution is 0.6%.
read-out electrodes (see Section 2) nor for known local calibration problems were applied.
ry 2 0-0.4. No corrections for a cross-talk between the central and back segment of the
a 287-GeV electron beam scanning 42 cells of the prototype at different 45 in the region
is given in Fig. 1.7, which shows the distribution of the mean energies reconstructed for
A preliminary estimation of the calorimeter response uniformity over a large area
at all energies.
The average detector response is well within j;1% of the nominal beam momentum
MeV/ cell with negligible coherent noise). A similar result was obtained at n 2 0.9.
where E is in GeV and the last term is the contribution of the electronic noise (~ 60
— \jE 4% EB (0.2 5: 0.1)% EB 0.290 il;70.025af) 9.8;0.
can be fitted as
in Fig. 1.6. After unfolding the contribution of the beam spread, the experimental points
various electron energies and with a beam spot fully covering one calorimeter cell is shown
The resolution measured at n 2 0.28 (region equipped with Si preamplifiers) for
rapidity.
thickness mentioned in the previous section, this performance is not deteriorated at large
at 50 GeV. Figure 1.5 also demonstrates that, thanks to the reduction of the absorber
The calorimeter resolution over one cell is about 0.6% at 287 GeV and about 1.6%
impact point on the cell (maximum amplitude 1%) was corrected as described in
two cells were clustered in 17. The variation of the Accordion response with the particle
the channel with the largest signal; in the third sampling, with coarser granularity, only
summing the energy deposited in a matrix of 3x3 cells (A1; >< A¢ ~ 0.054 >< 0.060) around
In the first two compartments of the prototype the shower was reconstructed by
much less stringent OCR Output
1) with multiple sampling read-out electronics at LHC, the timing requirements would be
the preshower electronics.
interface would allow us to hook this system either to the calorimeter electronics or to
pipeline and a 12-bit ADC, and of the necessary logic to control the system. A connection
to our purpose. This set-up would consist of 4 boards, each containing two 32 channels
the data, we plan to take some data using a copy of the RD2 set-up [7], suitably adapted
ln order to assess in a direct way the effects possibly associated with pipelining of
of shapers, and track & hold. ADCs would be borrowed from the pool.
we can record during our allocated beam time. We propose to build 1400 more channels
this way of operating is a very serious limitation to the quality and the amount of data
to the delicate timing adjustments which are necessary to sample each signal at its peakll,
subsequent electronics, from place to place, in order to cover the whole calorimeter. Owing
As mentioned in the previous section we were forced to move the shapers and
2.2 Read-out upgrade
which we envisaged (0.3%). An improved design of the "0T" mother boards is necessary.
input. This prevents us from making a comparison of the two calibrations at the level
too much pick—up in the “cold calibration” between the clock signal and the preamplifier
in the warm preamplifier area, calibration with the two systems has shown that there is
24 new kapton boards with the mistake corrected, in order to equip one “0T” block. Still
to make between the three preamplifier solutions. To clarify this point we propose to build
cross—talk renders more difficult the calibration, and obscures the comparison we intended
warm preamplifiers due to the larger impedance (50 fl) seen by each cell. Such a large
(10 Q or less input impedance), and close to 10% cross—talk in the areas equipped with
boards. This results in 2% cross-talk in the areas equipped with Si and GaAs preamplifiers
large capacitive coupling between the central and back cells of the -3 cell in depth—read-out
to a mistake in the layout of the high-voltage layers, there is, through these layers, a rather
like to improve. The first one concerns cross—talk on kapton circuits in the EM part. Owing
performance, some defects and limitations have shown up in the set-up, which we would
While we think the preliminary results presented above are at the level of anticipated
2.1 Detector upgrade
SET-UP
2 UPGRADE OF THE 1992 PROTOTYPE AND DATA—TAKING
which are well within the demand specified for physics
The same Monte Carlo, when used to simulate jets at LHC, gives energy resolutions
12.2 zh 1.5100 10.7 :1: 0.3
7.4 i 0.650 6.5 :l; 0.2
3.3 i 0.120 3.6 i 0.2
Pion energy (GeV) Measured resolution (GeV) Monte Carlo resolution (GeV)
electronics noise measured on random trigger events, is subtracted.
Table 1.1 Comparison of data and Monte Carlo resolutions for pions. In the data, the
uses GEANT 3.1590 with GEISHA.
the accordion-shaped absorbers in the hadronic modules (in the incomplete set—up), and
Monte Carlo simulation pion showers. This simulation includes a complete description of
liquid argon on one side and vacuum on the other one. OCR Output
in Fig. 3.1. The two flanges are cold, and designed to withstand the transition between
them, and offer a double safety in case of failure of one layer. The basic idea is shown
“double feed—throughs" which would allow us to continuously monitor the tightness of
glass-insulated pins, and in relation with safety requirements, we would like to evaluate
a hadronic calorimeter of a different technique, or by a tail catcher. Alternately, based on
in the case of a liquid argon calorimeter of reduced thickness, which would be followed by
compatible with fast shaping. The H1 approach also does not lend itself to an easy solution
with the fully shielded cable that we use in order to reduce cross-talk and pick-up to a level
challenge. The solution used by Saclay for H1 is a possibility. However, it may not work
Finally the problem of feed-throughs for a large number of channels remains a
exposed to the beam. This can be in particular an end-cap prototype (see Section 6).
to the point where a new construction approach would be worth testing with a prototype
effective. We would like to pursue engineering developments and contacts with industry, up
scale production. Since then we have tried to find other ways which would be more cost
shaping” which was entirely done in industry, and appears as a possible solution for large
cutting remain the two major operations. In the 1992 prototype, we have used "cold
In the case of the hadronic calorimeter, the folding of the stainless steel and its
calorimeter, and may possibly be adapted to the EM situation (Annecy).
(resistive prepregs) which have proven effective in the construction of the hadronic
0.3 mz each) (Milan and CERN). Alternately, we would like to study other approaches
industry the investment necessary for large-scale production (10 000 circuits of about
The kapton read-out electrodes: For this last point we would like to study with
plates (CERN and Orsay).
the precision front bars, and the way they are glued to the lead stainless steel converter
to the full length of 6.2 m of an ATLAS [5] barrel calorimeter (CERN and Orsay).
the extension of the technique and tooling used to produce 2-m long converter plates
Concerning the EM barrel part we would like to study particularly:
cost when extended to a full calorimeter.
particularly critical, either from the point of view of their technical realization, or for their
During the construction of the large barrel prototype some points appeared to be
3 ENGINEERING STUDIES
Further equipment of the beam area 20 kCHF CERN
Disk space, improved processor 50 kCHF Annecy
Pipeline read-out for 256 channels 30 kCHF (Stockholm/ Canada)
20 kCHF CERN (cables)
70 kCHF BNL (T&H)
50 kCHF CERN (T&H)
Extended read-out 1400 more ch 30 kCHF Orsay (shapers)
New mother boards OT region 10 kCHF Stockholm
New kaptons int the UT region 35 kCHF Milan
Table 2.1
The sharing of the work and cost is given in Table 2.1 below.
the DAQ system capability.
Finally, to cope with the enlarged and more complex read-out, we need to extend
technique. OCR Output
in which part or all of the hadronic calorimetry is done with an iron-scintillator sandwich
the calorimeter options under consideration: either full liquid argon or a hybrid system
is being devoted (mainly at Saclay) to the design of cryostats and cryogenic systems for
In parallel with these developments, a large effort, in the framework of ATLAS {5]
20 kCHFGables Orsay
30 kCHF AlbertaPotted cables
30 kCHF OrsayGlass-insulated pins
H1 design revisited Saclay
(and relation with safety)
5) Feed-throughs
30 l<CHF Saclay
4) lndustrialisation of stainless steel prod. for HCAL
Annecy30 kCHFor new technique
Milan55 kCHFindustrial investment
3) Other approaches for producing "kapton circuits"
2) Gluing of plates and bars in a single operation )
100 kCHF CERN/Orsay
1) 6.2 m bending press, 6.2 m gluing press
Table 3.1
The sharing of work and cost is given in Table 3.1 below
polystyrene (as a cheaper alternative to kapton) will be evaluated.
contacts with industry (CERN and Orsay). ln particular the resistance to radiations of
not easy. Based on our experience with the present set-up, we would like to pursue various
Finally, the case for a good enough cable between the detector cell and the shaper is
shielded cables.
Ways are being studied to use this technique or the H1 approach even with fully
large system we have in mind.
cycles will be done repeatedly to qualify feed-throughs done along this approach, for the
the G10 / epoxy feed-through region and the surrounding stainless steel flange. Cool—down
bundles. The function of the bellows is to take up the differential expansion between
consists of an epoxy block (with a G10 substrate) holding the signal feed-through cable
the inside of the feed-through hole in the flange. The central feed-through region now
containing the cable bundles is then potted onto a single convolution bellows welded to
formulated epoxy designed to survive the expected thermal stresses. The G10 substrate
that is to be potted, bundling the cables, and then potting the cable bundle in a specially
A cable bundle is made by removing the insulation from the section of each cable
cm G10 substrate machined to allow the passage of 12 bundles of cables.
approximately I5 cm diameter with a central feed-through section comprised of a 1.25
terface the other for the vacuum/ air interface. The flange is made from stainless steel
assembly will consist of two identical feed—through flanges, one for the LAr/ vacuum in
through prototype currently under construction is shown in Fig. 3.2. Each feed-through
A third approach, followed by Alberta, uscs embedded cables. The high-density feed
in dynamic range to 12 bits. To enlarge this range to 15 or 16 bits, as is necessary for OCR Output
circuits we have used have a large power consumption (0.7 W per channel) and are limited
the necessary dynamic range and signal to noise ratio is not an easy task. The discrete
The beam tests conducted so far have shown that producing a fast shaper with
4.2 Shapers
mances, reliability and cost.
Both monolithic projects are to be investigated from the standpoints of perfor
Monolothic development is being carried on also on the base of GaAs technology (Milan).
the existing circuits to reduce the size of the input device as well as the standing currents.
able to suit the requirements set by the preshower detector [4], which implies a redesign of
technological process (buried layer) will be employed to realize monolithic preamplifiers
in the existing version to check the feasibility of the current feed-by concept. The same
The already available monolithic Si preamplifiers (BNL-Milan) will be employed
design in both technologies.
the positive._.results from simulations, and from first prototypes, we intend to pursue this
to benefit from those positive aspects also in the Si and GaAs technologies. Owing to
somewhat more favourable for the second-stage noise. A development is going on in order
as feedback. Also, since there is one differentiation less in the shaper, the situation is
charge preamplifier is a clear limitation not present for a current amplifier with a resistor
range since the whole charge integrated over the drift time on the feedback capacitor of a
a current and not a charge preamplifier. This has a clear benefit in terms of dynamic
Another distinctive feature of the "0T" solution is that the preamplifier is actually
out bipolar transistors and p channel JFETs is convenient for this particular design
version is now being prepared at Orsay in the DMILL technology. The possibility to lay
and another one for the barrel. To go further with the design of this “0T" solution an IC
the "0T” solution being for example better suited for the end-cap region (see Section 5)
per channel. It may also happen in the end that more than one solution is necessary,
the trigger level if a large number of channels were to be summed without any threshold
be acceptable at LHC for reconstruction of EM showers or jets. It may pose problems at
in the Si and GaAs regions, and 4 MeV in the "0T” region. Such a level would probably
a priori. In the “1992” set-up we have measured a coherent noise of 1.5 MeV per channel
this solution, namely a higher sensitivity to pick—ups of various sorts, is hard to estimate
hadronic section, in a place very well shielded against radiation. The obvious weakness of
radiation resistance, since, in this case the preamplifiers could be located behind the
Benefits of the "0T” solution are negligible power consumption in the cold and
of the first two solutions are similar (about 60 mW in the cold).
(response to a current delta peaking after 20 ns) [2, 8]. The preamplifiers power dissipation
The three solutions above have a similar level of noise for a given fast shaping
developed by Orsay)
Warm bipolar preamplifiers as a termination to a low (50 Q) impedance cable, and
GaAs MESFET hybrids, as developed by the Milan group
Si JFET hybrids, as developed by the BNL group
before a final choice is attempted:
We think the three of them used in the present large prototype need to be pursued further
During the early tests with small prototypes we used four preamplifier schemes
4.1 Preamplifiers
4 FRONT-END ELECTRONICS
in the data-taking stream (see Section 2) in 1994. OCR Output
end of spring 1993. It is hoped that after 2 iterations, some circuits could be introduced
The first circuits, produced in a multiple project layout, should be delivered at the
fixed.
follower has been completed, and the characteristics of the internal electronics have been
The first prototype is currently being designed.The simulation of the input voltage
value.
subtraction, which in any case can be done in parallel with the conversion of the preceding
rate depends mainly on the speed of the ADC, as only 100 ns are needed to perform the
voltage amplifiers, the first one having to follow the 65-MHZ input signal. The output
of the exact value of the storage capacitor, the system has to work with input and output
the reinjection of the charge, which complicates the design. Moreover, to be independent
during a reading cycle, the switch connected to the signal input line cannot be used for
with the single-ended present versions. As the memory has to be able to continue writing
kind of correction lets us anticipate a gain of a few bits as compared to the 10 bits achieved
both in an analogue way before sending the result to the ADC. Previous experience of this
signal, store it, measure the charge injected during the write sequence, and then subtract
15 ns with a small charge error. When we want to read the capacitor, we measure the
propose is the following: during the run, the signal is stored in successive capacitors each
and to the charge injected by the MOS switches. The principle of a development that we
One of the main limitations is the fixed pattern noise due to the clock cross-talk,
4.3.1 “Orsay version"
CERN, and by Alberta in close contact with Berkeley.
calorimetry. The work would be conducted by Orsay and Saclay, in collaboration with
in collaboration with the groups mentioned above, a dedicated study oriented towards
necessary performance of 12 bits has actually been achieved, we would like to undertake,
in particular in the framework of the RD2 collaboration [12]. Since in neither case the
collaborators[11]. In Europe this approach was also followed by J arron and collaborators,
sists in using analogue pipelines. In the USA, this was pioneered by Kleinfelder and
when circuits are available from both sides. As mentioned above, another approach con
following the work done by the “FERMI” collaboration, and plan some common tests
As far as the ADC and subsequent digital treatment are concerned, we are closely
4.3 Pipeline and ADC
work is being carried out at Orsay.
preamplifier, as stated above. Two layouts will be pursued: CMOS and bipolar. This
We think the chance to get to the contemplated noise figure is larger with a current
less ambitious goals (fixed shaping), but a more strict limitation in power consumption.
would be too hard to fulfil at reasonable power. We propose to start a new design, with
simulations, and confirmed by the first layouts that the demand for a low-noise figure
of MOSFETs used as resistors varies only slowly with the current, it was realized in
circuit with a shaping (t,,(6)) adjustable from 20 to 40 ns. Since the transconductance
the CMOS technique, was started one year ago at Orsay, with the aim of producing a
compressor” as advocated by the "FERMI" collaboration [10].A study of an ASIC with
analogue pipelines and ADCs in parallel (of 12 bits dynamic range each), or by a "dynamic
(typically) between them. These shapers could be followed, in our view, either by two
the LHC, one has, we think, to use two shapers in parallel, with a gain ratio of 16
to investigate. OCR Output
and operate two different prototypes, corresponding to two solutions that we would like
calorimeter modules. In the R&D work which is proposed here, we would like to build
is assumed that a preshower with 3 r.l. (cryostat included) will sit in front of the end-cap
and can be equipped with electronics already developed for the barrel (see Section 4). It
segmentation is taken similar to the barrel, and therefore cells have similar capacitance,
and a technical approach as close as possible to the one used in the barrel. Longitudinal
points considered were to have constant granularity in ry and 45, a minimum of cracks,
to the beam axis, with cells pointing in both 1; and 45 to the beam crossing point. Further
cracks. We took as constraints that the calorimeter modules form a flat disk perpendicular
which, used in the barrel, allows one to have a completely pointing calorimeter without
There is not a unique way to adapt to the end caps the "Accordion” geometry
down to 2.5 in rapidity.
lution, position resolution, uniformity of response and speed) as in the barrel are needed
Physics studies have shown [5] that similar calorimeter performances (energy reso
5 CONSTRUCTION OF END-CAP PROTOTYPES
Cost: 150 kCHF
Orsay/Saclay/Alberta4) Pipeline + ADC
Cost: 100 kCHF
IC Orsay3) Shapers
Cost: 50 kCHF each
OT Orsay
MilanGaAs IC
BNL/ Milan1) Preamplifier Si IC
Table 4.1
the front—end chain described earlier.
Measurements are underway at Alberta University to qualify the circuit when coupled to
to be 0.6 mV r.m.s. (at 50 MHZ). Thus the chip has a 12-bit dynamic range capability.
including errors from all sources such as cross—talk and capacitor variation, is measured
to be roughly 0.02% (peak) measured over the entire operating range. Single shot noise,
sitic capacitance of the read-out switches. The integral non-linearity has been measured
The non—linearity of the the SCA circuit is dominated by voltage-dependent para
order.
age sampling methodology is used, the SCA is immune to capacitance variations, to first
this device is 90 MHz and the maximum read-out rate is 500 kHz. Note that as a volt
crease the dynamic range to a predicted 13-14 bits. The maximum sampling rate for
amplifier references permit differential offset inputs. This mode of operation should in
Two voltage references for the capacitor bottom plates and two for the operational
plementary CMOS transmission gate and a 0.7 pF polysilicon capacitor.
operations. The memory for each channel consists of 256 cells, each consisting of a com
The SCA is in effect an analogue memory permitting simultaneous read and write
al. at LBL, specifically for use in an SSC / LHC environment.
ber 1992) of a CMOS switched capacitor array (SCA) chip developed by Kleinfelder et
The front-end read-out scheme followed here is based on the latest version (Novem
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build the two jaws of the gluing mould by assembling together another set of bars identical
and also as part of an investigated way for the 6.2 m barrel (Section 3), we propose to
bending machine is shown in Fig. 5.7. For the gluing machine, in order to limit the cost,
the bars are much shorter here, and they are all the same. A perspective view of the
process is concerned. The shape of the bars is also more complex (see Fig. 5.6). However,
involved than for the barrel as far as the movement of the shaping bars during the bending
and the same materials as for the barrel. The bending machine is here somewhat more
To produce the converter electrodes we propose to use the same sandwich procedure,
thickness accuracy is 1%, i.e. typically 20 microns.
would produce the plates with the desired geometry. As for the barrel, the demand on the
laid in a precision—machined mould of variable depth. A simple machining on a plane
the maximum thickness (2.30 mm) which would be cut to the exact final shape and
wheel. To produce lead sheets of variable thickness, we propose to start with sheets of
of 61 converter plates and 60 kapton read-out plates, with the dimensions of the small
(larger) radius (see Fig. 5.5). We propose here to build a prototype which would consist
which leads to 24 channels. This corresponds to a strip of 12 mm (24 mm) at the smaller
ry, the granularity can be chosen freely. For the small wheel we propose here Ar] = 0.030
large wheel the granularity in 45 would be doubled (Act = 0.026, like in the Barrel). In
The 360 plates in qi (small wheel), grouped by 3 correspond to Aqi = 0.052. In the
should not induce a sizeable effect. This will be verified by Monte Carlo calculations.
3—fold longitudinal segmentation, the fact that strips do not run exactly at constant radius
HV source, strips at the same radius, and not strips in the same kapton plane. With a
a function of R. The variable voltage distribution will be done by connecting to the same
voltage which is R dependent, and adjusted in such a way as to give constant response as
R) if one were operating the calorimeter at constant field. Our proposal is to use a high
to an equivalent drift distance, would induce an R dependence (smaller signals at large
Since the argon gap also varies with R, fast shaping, which limits charge collection
and 90 GeV is, after correction of the modulation, better than 10%/x/E
always contained within i2.5% (it was ;h1.0% for the barrel). The resolution at 40 GeV
collection is assumed in a first step. The modulation in <;5, with the parameters chosen is
Fig. 5.4 the simulated energy response of the calorimeter at different radii. Full charge
The exact value is being optimized by GEANT simulations. As an example we show in
gb between one plate and the next was taken to be close to 3, as in the barrel geometry.
can probably be reduced down to about 5 mm. The ratio of wave amplitude to pitch in
goes from 1.45 to 2.16. The gap between the two wheels needs to be studied with care. It
R. The rapidity coverage of the small wheel goes from 2.16 to 2.89. For the large wheel it
not smaller than 70 deg. With such a geometry the sampling frequency is independent of
factor two (roughly) increase, in such a way that the fold angle be no larger than 130 and
in Fig. 5.3. The extension in R of each plate (small and large wheel) has been limited to a
plate thickness increases with R. Sections of a converter plate at different radii are shown
order that the calorimeter density, and sampling fraction be constant with radius, the
are along lines which are parallel to each other, and perpendicular to the beam axis. In
shaped, with a wave amplitude which grows linearly with the radius. The bending folds
necessary to cover the full azimuth (Fig. 5.2). Each converter electrode is "accordion"
consists of only one sort of converter and read-out electrodes repeated to the number
wheels, as shown in Fig. 5.1. Each wheel has a complete phi symmetry and therefore
In this approach each end-cap electromagnetic calorimeter consists of two concentric
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are to have them ready for the end of the 1993 beam period (November).
other one between Orsay and Paris. Both detectors will be assembled at CERN. The plans
fan” construction will be shared mainly between CERN, Marseille, Milan and Spain. The
The expected construction cost of both detectors is reported below. The "Spanish
5.3 Cost and responsibility sharing
at 3.6 m from the detector front face.
be modified, in order to mimic now with the SPS beam, particles coming from a "vertex”
one will expose alternately both detectors. The moving system of the platform needs to
we propose to install both prototypes in at the same time. Using the cryostat displacement
The cryostat is large enough that, in order to save installation time and beam time,
from the barrel set.
As for the other prototype, preamplifiers and subsequent electronics will be re—used
be designed and produced. New mother boards are also necessary.
bars as for the other detector. New read-out electrodes, with pointing strips will have to
prototypes. Their front and back face will be modified so as to use precision mounting
re-use for this detector, the converter plates already used in the former small "accordion”
Having this constraint in mind, and to save construction time and money we propose to
at various places, the converter and read—out board profile should be constant in depth.
of the detector is shown in Fig. 5.11. Since we propose to make steps of one sawtooth
way these effects, we propose to assemble a small prototype along these lines. A sketch
the simulated effects on position and angular resolution are. ln order to assess in a direct
energy resolution does not seem to suffer much (Fig. 5.10). It remains to be seen what
the fact that such a detector would sit behind a preshower of 3 radiation lengths. The
other sort of discontinuity. The effect of these has been simulated, taking into account
no crack over its full front face. However the steps described just above introduce an
cordion” "sawtooth” (Fig. 5.9). A detector conceived in that way is “almost” flat. It has
one would at regular positions move the subsequent detector plates backward by an “ac
ules, with the exception that, in order to compensate for the slowly building up sagitta,
The other solution we propose is a vertical wall, very close to a set of barrel mod
5.2 The "Fresnel lens”
electronics and calibration systems will be re—used, in the same cryostat, from the barrel.
ity the “OT" warm electronic solution. Preamplifiers, cables, feed-throughs, subsequent
radiation dose experienced by the liquid argon calorimeter, we will use there, in prior
the barrel. Since the central part of the end cap will, at LHC, be subject to the highest
The design of the mother boards will be made in a way very similar to the ones of
machine as used for the barrel, suitably modified, will be re-used here.
one used in the barrel, and will be made using the same materials. The same bending
the kapton boards to get out. The read—out electrodes will have a structure similar to the
that serve for assembling the detector. Notches in the bars allow for the signal lines from
As for the barrel, the converter electrodes will be glued in precision epoxy—glass bars
the pressure control will be done along the lines already used for the barrel prototype.
to the ones of the bending machine (Fig. 5.8). The press, the temperature control, and
12 OCR Output
responsibilities is summarized in the Table below.
New prototypes for the end-cap region are being proposed. The sharing of cost and
Further R&D in engineering and front—end electronics has been specihed.
Improvements of the test beam set—up have been described.
totypes behave according to specifications.
Preliminary results indicate that the large EM and hadronic barrel calorimetre pro
SUMMARY
to 290 kCHF.
Re—using part of the available equipment, it is hoped that the cost can be limited ·~
calorimeter will then need to be tested in a pion beam in 1994.
the approval by the ATLAS collaboration of a liquid argon hadronic calorimeter. This
of an end-cap hadronic test calorimeter, starting in the summer of 1993, conditional on
cost. In addition, we have asked our funding agencies to reserve funds for the construction
As explained in Section 2, engineering studies will continue with special emphasis on
detector. This offers a good opportunity for the end-cap calorimeters.
particles (accordion shaped) and EST read-out allow one to get a fast and radiation-hard
1) that the main features of this design: absorber plates not perpendicular to incoming
The barrel prototype under test in the H8 beam has already shown (see Section












“Spanish Fan” "Fresne1 lens”
Table 5.1
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Total : 1805 kCHF
In-kind contribution to support structures.






70 200 40Orsay 30








Upgrade Eng. F-Eclcc. End cap.1, End cap.,2 NcwHad
14
IEEE Nucl. Symp., Arlington, USA, Conf. Rec. Vol. 1 (1990), 543. OCR Output
F. Anghinolfi et al., Monolithic CMOS front—end electronics with analog pipelining,[12]
Physics (1991).
try, Proceedings of the Second International Conf. on Calorimetry in High Energy
M. Levi et al., A Switched Capacitor Array Based System for High-Speed Calorime[U]
FERMI R&D project, CERN/DRDC/92-10.[10]
R&D proposal, CERN/DRDC 92-31, DRDC/P42 May 1992.
A mixed analog—digital radiation hard technology for high energy Physics, DMILL[9]
Instrum. Methods.
detector and Front-End Electronics in Liquid Argon Calorimetry, submitted to Nucl.
R.L. Chase, C. de la Taille, S. Rescia and N. Seguin, Transmission lines between[8]
D.J. Munday et al., RD2 Collaboration, CERN/DRDC/90-27 (1990).{7]
Methods A294 (1990) 583.
J. Colas, M. Pripstein and A. Wenzel, The electrostatic transformer, Nucl. Instrum.[6}
Large Hadron Collider at CERN, CERN/LHCC/92-4.
ATLAS Collaboration, Letter of Intent for a General—Purpose pp Experiment at the[5}
R&D for a Liquid Argon preshower, CERN/DRDC 92-40, DRDC/P5 Add. 2.[4]
LHC Prototype Calorimeter with Pointing Geometry”, CERN/DRDC/91-21 (1991).
[3] B. Aubert et al., (RD3 Collaboration), "Hadronic and Electromagnetic Liquid Argon
be published in Nucl. Instrum. and Meth.
netic Calorimeter with a Cylindrical Accordion Geometry”, CERN·PPE/ 92-129, to
B. Aubert et al., (RD3 Collaboration), "Performance of a Liquid Argon Electromag
Calorimeter with Fast Read-out”, Nucl. Instrum. and Meth. A321 (1992) 467;
B. Aubert et al., (RD3 Collaboration), " Performance of a Liquid Argon Accordion[2]
say, Paris, Saclay, Stockholm, Victoria.
Annecy, Barcelona, BNL, CERN, Grenoble, Madrid, Marseille, Milan, Montreal, Or
The RD3 Collaboration consists of the following laboratories: Alberta, Alma—Ata,[1]
References
15 OCR Output
Monte Carlo simulation of 40-GeV electron showers.
Figure 5.4: Energy response in the phi direction, for 3 values of the radius, obtained by
Figure 5.3: Converter plate profile at four values of the radius.
end cap.
Figure 5.2: Perspective view of the two wheels in the "Spanish fan” version of the EM
Figure 5.1: Barrel and end-cap layout of electromagnetic modules as proposed in ATLAS.
indicate the G10 central plate, 4 and 5 the flexible below, 6 and 7 one cable bundle.
Figure 3.2: Feed-through with embedded cables. 1 is the stainless steel flange, 2 and 3
idea of a double cold feed-through with glass-insulated pins.
Figure 3.1: Large rapidity corner of a “stand-alone" barrel EM calorimeter showing the
The 7 segments in depth (3 EM and 4 hadronic) have a fixed weight.
Figure 1.11: Energy spectrum measured for 100-GeV pions hitting the calorimeter centre.
Any broadening, possibly associated to the EST read-out would appear in that view.
Figure 1.10: Shower profile in ry, for 100-GeV pions. One cell has a rapidity width of 0.045.
hadronic calorimeter. Two cells in azimuth around the muon trajectory have been summed.
Figure 1.9: Muon signal and noise (from random triggers) in the four segments of the
hadronic calorimeter. Two cells in azimuth around the muon trajectory have been summed.
Figure 1.8: Muon signal and noise (from random triggers) in the first segment of the
average.
GeV electrons hitting 44 different cells. All values have been normalized to the overall
Figure 1.7: The mean energy reconstructed in the electromagnetic calorimeter for 287
tion of the incident electron energy. The full line is a three-parameter fit (see text).
Figure 1.6: The fractional energy resolution of the electromagnetic calorimeter as a func
ter at 50 GeV for rapidity regions equipped with silicon preamplifiers.
Figure 1.5: The electron energy distribution reconstructed in the electromagnetic calorime
ter at 287 GeV in a region equipped with the "0T” electronics.
Figure 1.4: The electron energy distribution reconstructed in the electromagnetic calorime
Figure 1.3: Picture taken before closing the cryostat for cool-down.
Figure 1.2: Sketch of the two sections of the hadronic calorimeter.
each spanning 9 degrees of azimuth, were present at this point of the construction.




Figure 5.11: Perspective view of the prototype with parallel plates, incorporating a shift
value of 6.236 is the energy deposited in the liquid.)
Monte Carlo simulation of 40-GeV electron showers. (The quantity plotted, with a mean
Figure 5.10: Transverse profile and energy resolution obtained, in the "step" area, by
shown.
drawing, only one converter plate out of two is shown. The read—out electrodes are not
Figure 5.9: Horizontal section of the “vertical wall" solution. For better clarity of the
Figure 5.8: Top view of the bottom half of the gluing press.
bars are in side contact, and are parallel to each other.
Figure 5.7: Top view of the bottom half of the shaping machine. After pressing, all shaping
Figure 5.6: Proiile of a shaping bar.
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Figure 1.7 OCR Output
Response uniformity
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